Objetivo: O estudo avaliou, em diversos períodos de análise, o pH e liberação de cálcio e a atividade antibacteriana proporcionada pelo MTA Fillapex, em relação ao Sealapex e AH Plus. Material e método: Tubos de polietilenos foram preenchidos com um dos cimentos e imersos em água destilada. 
INTRODUCTION
Mineral trioxide aggregate (MTA) is indicated to be used in root perforations, root-end cavities, for obturation of the apical portion of immature teeth, pulp capping, and pulpotomy 1 .
Despite the favorable biological properties, MTA does not exhibit the physical properties needed to be used as an endodontic sealer 2 . Newer developments of MTA include its use as root canal sealer. Currently, three MTA sealer formulations are available: Endo-CPM-Sealer (EGEO, Buenos Aires, Argentina), ProRoot Endo Sealer (Dentsply Maillefer, Ballaigues, Switzerland), and experimental cement (MTAS -mixture of 80% white Portland cement and 20% bismuth oxide with addition of water soluble polymer) 3 .
MTA-based sealers are biocompatible, stimulate mineralization 4 , and exhibit higher push-out strengths than traditional oxide zinc and eugenol cement 5 . Recently a new formulation of MTA-based cement (MTA Fillapex, Angelus Soluções Odontológicas, Londrina, PR, Brazil) was launched to be used as root canal sealer. Its satisfactory biological properties, antibiofilm activity properties and easy handling enable the use in root canal 2, 6, 7 .
MTA contain calcium oxide and presents a similar mechanism of action to calcium hydroxide 8 . Calcium hydroxide or calcium oxide-containing cements have been suggested as obturating materials because of their ability to dissociate into calcium and hydroxyl ions, resulting in a higher pH in the adjacent medium and inducing mineralized tissue formation 4, 9 . Similar condition occurs to MTA-based sealers 10 .
Besides inducing mineralized tissue formation, another desirable property of root canal sealers is the antibacterial activity. Root canal sealers should be able to eliminate residual pathogens, and prevent canal reinfection in order to create a favorable environment for the healing process 11 . Several endodontic bacterial strains are inhibited by Sealapex and AH Plus sealers 11 . Therefore, these endodontic sealers can be used in comparison test with new materials.
Thus, the aim of this study was to evaluate pH and calcium release and antibacterial activity of MTA Fillapex sealer compared to AH Plus and Sealapex (new formulation) sealers.
MATERIAL AND METHOD
Sample Preparation
Root canal sealers used, their formulations and manufacturers are listed in Table 1 .
All sealers were mixed according to manufacturer's instructions. Thirty polyethylene tubes measuring 10 mm in length and 1.5 mm in internal diameter were filled with the fresh mixtures of evaluated sealers, using a Lentulo spiral (Dentsply Maillefer, Baillagues, Switzerland). For pH and calcium release evaluation, 10 samples from each studied sealer were prepared. The tubes filled with the fresh mixtures were weighed to check the standartization of sealer amount. They were placed in polypropilene flasks (Injeplast, São Paulo, SP, Brazil) containing 10 mL of neutral pH distilled water and kept in an oven at 37 °C (Farmen, São Paulo, SP, Brazil). Previous to the immersion of specimens, the pH and calcium concentration of distilled water were verified, attesting pH 6.8 and total absence of calcium. Evaluations of pH and calcium release were carried out after 24 hours, 14 and 28 days. After each period of immersion, the tubes were removed and placed into another flask with the same volume of new distilled water.
Analysis of pH and Calcium Release
Measurement of pH was performed with a pH meter (model DM22, Digimed, São Paulo, SP, Brazil) previously calibrated with solutions of known pH in constant temperature (25 °C) 12 . After removal of the specimens, the flasks were placed in a shaker (251, Farmen) for 5 seconds, before pH measurement. The control procedure included measuring the pH of the distilled water in which no samples were immersed.
The calcium release was measured using an atomic absorption spectrophotometer (AA6800, Shimadzu, Tokyo, Japan), equipped with a calcium specific hollow cathode lamp as described by Vasconcelos et al. 12 (2009). Briefly, the conditions for use of the appliance were determined following the manufacturer's instructions, using a wavelength of 422.70 nm, gap of 0.2 nm, current of 10 mA in the lamp, and slightly reducing stoichiometry, kept by an acetylene flow of 2.0 L per minute, supported by the air. A lanthanum chloride solution at concentration 10 g/L was 
Antibacterial Activity Test
To evaluate the antibacterial activity of tested materials, the radial agar diffusion test was used on Mueller-Hinton agar plates. Enterococcus faecalis (ATCC 29212) and Staphylococcus aureus (ATCC 25923) were reactivated from lyophilized frozen stock for observation of cell and colony morphology, which confirmed the culture purity. The microorganisms were reactivated in Brucella agar added with 5% sheep blood followed by incubation at 37 °C for 24 h. For the inoculums, 5 colonies were transferred to 5 mL BHI tubes and incubated for a period of 15 to 18 h and were used to standardize the final concentration of 1.5 × 10 8 CFU/mL equivalent to the 0.5 standard of the McFarland scale using a 630-nm-wavelength spectrophotometer (Pharmacia Biotech, São Paulo, SP, Brazil). Ten Petri plates (100 × 10 mm) with Mueller-Hington agar (Merck, Rio de Janeiro, RJ, Brazil) were inoculated with microbial suspensions, 5 to each bacterial specimen, using sterile swabs obtaining growth in junction. Three wells (3 mm in depth × 5 mm in diameter) were made in each plate at equidistant points, using a cooper coil and were immediately filled with 0.2 mL of freshly prepared sealers. In order to have the same sealer volume, was introduced into wells. The plates were maintained for 2 h at room temperature for prediffusion of materials, and then incubated at 37 °C during 24 h. The diameter of the zones of bacterial growth inhibition formed around the well containing the sealers was measured with a digital caliper with a resolution of 0.01 mm (Mitutoyo MTI Corporation, Tokyo, Japan) under reflect light. Positive and negative controls were done with and without inoculum for the same periods and under identical incubation conditions. All assays were carried out under aseptic conditions 13 . Data of pH, calcium release and antibacterial activity were analyzed statistically by ANOVA and Tukey's test at a significance level of 5%.
RESULT pH values for the materials evaluated in the different experimental periods are described in Table 2 . pH values were statistically different among the materials (p<0.05). Sealapex had the highest pH followed by MTA Fillapex and AH Plus in all periods evaluated (p<0.05). Table 3 shows the calcium release values for the sealers in the different experimental periods. MTA Fillapex had greater calcium release than Sealapex in 14-day period, but in 28 days the inverse was observed (p <0.05). AH Plus showed lower calcium release than the other sealers in all periods (p<0.05). Figure 1 show the values expressed as means of 6 repetitions and standard deviations of the zones of bacterial growth inhibition obtained for the tested materials. All sealers showed zones of bacterial growth inhibition against the bacterial strains. There were no statistically significant differences among the inhibition zones produced by the tested materials for E. faecalis (p>0.05). Sealapex presented better antibacterial effectiveness against S. aureus than MTA Fillapex and AH Plus (p<0.05).
DISCUSSION
The ideal endodontic filling material should be biocompatible and able to induce mineralized tissue formation. These properties are dependent on the cement ability to release hydroxyl and calcium ions 4, 9 . The methodology for evaluating the material . It consists in filling standardized tubes with the materials to be tested and immersing them in distilled water. After specific periods pH is determined with pH meter and calcium release is measured with atomic absorption spectrophotometer 16 .
MTA Fillapex pH was lower than Sealapex pH in all studied periods. In MTA-based materials, the chemical reaction that takes place during setting results is the formation of calcium hydroxide, which subsequently dissociates into calcium and hydroxyl ions which increase the pH of the area 8 .
The reason for the difference between MTA Fillapex pH and Sealapex pH may be related to differences in the percentage of extractable calcium hydroxide in the content of sealers or to the intrinsic properties of these materials which may lead to different chemical reactions interfering in hydroxyl and calcium ions release and in their solubility 17 . It has been shown that set Sealapex has a poorly formed matrix and this porous material permits ingress of water over time, promoting continued reaction between calcium powder and binder 18 , which could explain its greater release of hydroxyl ions. It is known that there is similarity in the chemical composition of Sealapex and MTA Fillapex 19 . Both materials contain salicylate resin, bismuth trioxide and silica, as noted in Table 1 . Other MTA-based sealer, the Endo CPM, has a pH value similar to Sealapex 9, 12 .The results of Sealapex pH (new formulation) are consistent with previous studies that evaluated the Sealapex (old formulation) 14, 15 . MTA Fillapex and Sealapex showed greater pH and calcium release compared with AH Plus. This is consistent with previous study which showed that calcium oxide and calcium hydroxidecontaining sealers favor an alkaline pH and calcium release 15 . Recent study also showed that MTA Fillapex has alkaline pH 20 .
High levels of Ca 2+ ion release were observed in MTA Fillapex and Sealapex, but not in AH Plus, in accordance with our study 19, 20 . The low calcium release of AH Plus is in agreement with Duarte et al. 16 (2004) who observed low values in calcium release of pure AH Plus, similar to zinc oxide plus eugenol sealer.
The agar diffusion method has been widely used to test the antimicrobial activity of dental materials 11, 13, 21, 22 .The advantage of this method is that it allows direct comparisons of root canal sealers against the tested microorganisms, indicating which sealer has the potential to eliminate bacteria in the local microenvironment of the root canal system 21 . A disadvantage of the agar diffusion test is that the result of this method does not depend only on the toxicity of the material for the particular microorganism, but it is also highly influenced by diffusion of the material across the medium 13, 21 . A material that diffuses more easily will probably provide larger zones of microbial growth inhibition 13 . In the present study, great care was taken to keep the plates for 2 h at room temperature (pre-incubation) to allow the diffusion of sealers through the agar. This is an important factor to evidence the antimicrobial activity of the calcium hydroxidebased materials 11 .
Studies evaluating antibacterial activity of endodontic sealers have used E. faecalis and S. aureus strains which are facultative anaerobes, Gram-positive coccus 11, 21, 22 . All sealers produced zones of bacterial growth inhibition against E. faecalis, with no statistically significant difference. These findings agree with previous studies which showed no differences in antibacterial activity of AH Plus and Sealapex using agar-diffusion test 23 . Antibacterial activity of Sealapex, as well as other calcium hydroxide-based materials, depends on ionization that releases hydroxyl ions causing a pH increase 11 . However, E. faecalis is considered as one of the most resistant microorganisms to calcium hydroxide-based intracanal medications 24 . Morgental et al. 25 (2011) showed that MTA Filapex had an antibacterial effect against E. faecalis only before setting. On the other hand, Sealapex was the most effective in producing zones of bacterial growth inhibition against S. aureus. This result is consistent with previous studies which showed that Sealapex has antibacterial activity against this microorganism and promotes greater antibacterial zone than AH Plus 7, 22 . The lower antibacterial activity against S. aureus of MTA Fillapex in relation to Sealapex can be explained by the same reasons cited above to explain its lower pH. The antibacterial effect of AH Plus observed in the present study would be related to bisphenol diglycidyl ether present in its composition and the formaldehyde release 22 by this sealer during polymerization process 23, 26, 27 . This study showed that MTA Fillapex provided high pH value and adequate calcium release during all periods evaluated and its antibacterial activity was similar to AH Plus, which is the endodontic sealer used as gold standard in endodontic material tests. Through results obtained, supported with the adequate biological results described in previous studies, it is possible indicate MTA Fillapex as an endodontic sealer to solving problems in root canal system 1, 6, 10 .
CONCLUSION
In final evaluation period, pH values and calcium release provided by MTA Fillapex were lower than provided by Sealapex and higher than provided by AH Plus. The MTA Fillapex antibacterial action was similar to other endodontic sealers. Therefore, MTA Fillapex is an adequate endodontic sealer to be used in problem solving in root canal system. Different letters in each bacteria indicate significant difference between sealers (ANOVA and Tukey's test/p<0.05).
